Nitrate reductase can be induced in excised shoots of 3-dayold dark-grown Zea mays (var. WF9 X M14) seedlings in the absence of light. In contrast, leaves of 10-day-old dark-grown seedlings require a light treatment in order to induce enzymatic activity. Leaves of 10-day-old dark-grown seedlings contain a very low level of polyribosomes while 3-day-old shoots contain a very high level of polyribosomes. There is a gradual loss of polyribosomes from 3 to 10 days and a gradual loss of in vitro protein synthetic activity of the ribosome preparations. 5, 7, or 10 days in a light-proof controlled environment growth chamber as previously described (9). Threeday-old seedlings were germinated in darkness in moist absorbant paper.
incorporating activity correlate positively with the loss of ability to induce nitrate reducase activity as leaves of dark-grown corn seedlings age. These results corroborate and extend our previous results, in that light is not required for nitrate re- ductase induction per se in leaves of dark-grown seedlings but is required to reactivate the protein synthetic apparatus of older leaves.
Dark-grown seedlings are routinely used for enzyme induction studies in higher plants. In the case of nitrate reductase the effects of light (4, 9, 10) and substrate (1) on induction in dark-grown seedlings have been reported. While the role of substrate is well known, the effects of light have been questioned. Nitrate reductase activity was induced in 5-day-old dark-grown radish cotyledons in the absence of light (2) . Other reports have shown a definite requirement for light for enzyme induction in 7-to 9-day-old seedlings (3, 9, 10) . Jordan (4) reported a general decrease in nitrate reductase activity in barley leaves from dark-grown seedlings of increasing age even though nitrate was present in the nutrient medium. These results suggest that the ability to form an active nitrate reductase in darkgrown seedlings is lost with age.
In a previous report (9) we presented evidence consistent with the view that the requirement for light for the induction of nitrate reductase in 9-day-old corn leaves was for the development of an active protein-synthesizing apparatus as evidenced by polyribosome formation and not for enzyme induction per se. Polyribosomes increased from 27 to 42% of the ribosome population during the first 2 5, 7 , or 10 days in a light-proof controlled environment growth chamber as previously described (9) . Threeday-old seedlings were germinated in darkness in moist absorbant paper.
Enzyme Induction Studies. Three-day-old shoots were detached and used in their entirety (about 0.5 cm each) in induction studies. For 10-day-old seedlings the second leaves were harvested and trimmed to 10 cm. All induction treatments were carried out in 1500 ml of aerated solution in 4-x 6-inch plastic pans.
Nitrate Reductase Assay. Preparation of a cell-free extract and the assay for nitrate reductase activity were done as previously reported (10) .
Preparation of Polyribosomes. Polyribosomes were prepared from 10-day-old leaves as previously described (9) . For 3-, 5-, and 7-day-old seedlings the terminal 0.5-, 2-, and 3-cm shoot tips, respectively, were used without removing the coleoptile. All procedures were as reported above with the exception of the preparation of sucrose density gradients. In this study 0.8 ml of ribosome preparation, containing 18 A. units, was layered on a 35-ml, 10 to 34% linear sucrose gradient and centrifuged at 81,500g for 105 min (Spinco SW 27, 1-X 3.5-inch tube).
Amino Acid Incorporation Studies. Amino acid incorporation was studied using modifications of the methods of Mans and Novelli (5, 6) and Williams and Novelli (11) as previously published (9) . Soluble factors for all assays were prepared from 48-hr dark-germinated corn shoots using the method of Williams and Novelli (11) .
Light Treatments. High intensity white light pretreatments and light for enzyme induction studies were applied in a controlled environment growth chamber. Light intensity was 1000 ft-c and temperature was maintained at 24 C. 617 Plant Physiol. Vol. 48, 1971 
RESULTS AND DISCUSSION
Induction of nitrate reductase in light was compared in excised 3-day-old dark-grown shoots and leaves of 10-day-old dark-grown seedlings (Fig. 1) . In the young shoots enzymatic activity increased with an initial burst during the first 4 to 6 hr in light and then remained constant throughout the remainder of the treatment period. Induction in 10-day-old leaves occurred only after a 2-to 4-hr lag period. However, activity continued to increase throughout the treatment period. These results suggest that the young shoots maintained the ability to form an active nitrate reductase rapidly when placed in light in the presence of nitrate, while older leaves had lost this ability and hence exhibited a significant lag period before enzymatic activity increased. When either age tissue was placed in light in the absence of nitrate no significant increase in nitrate reductase activity occurred.
Three-day-old dark-grown shoots and leaves of 10-day-old dark-grown seedlings were given nitrate in darkness to determine whether they maintained or lost the ability to form an active nitrate reductase independent of light (Fig. 2) . Enzymatic activity increased rapidly in the 3-day-old shoots without a significant lag period and then leveled off after 4 to 6 hr. The final level of activity was approximately 70% of that attained in light. The addition of glucose to the induction medium increased enzymatic activity in the shoots to nearly the same level that was induced in the light. This indicates that a lack of energy in the detached shoots limited the development of nitrate reductase activity in darkness relative to that which occurred in light. In control leaves of 10-day-old dark-grown seedlings enzymatic activity did not increase in darkness. When glucose was supplied, activity increased up to about 1 unit during the treatment period.
In a previous report (9) we suggested that the requirement for light for the development of nitrate reductase in corn leaves was related to the formation and maintenance of active polyribosomes. Figure 3 suggests that the results obtained in this study relate to a loss of polyribosomes during the 10-day dark period. Three-day-old dark-grown shoots contained a high level of polyribosomes (Fig. 3A) , correlating with the ability to form an active nitrate reductase without a significant lag when nitrate was made available. By 10 days the polyribosomes decreased to a very low level relative to the level of monoribosomes (Fig. 3D) . The percentage of monoribosomes and ribosomal subunits increased with age concomitantly with the decrease in polyribosomes. Ribosomes prepared from 5-and 7-day-old shoots ( Fig. 3 , B and C) were included to show the progressive loss of polyribosomes from 3 to 10 days.
It has been reported that polyribosomes increase significantly in leaves of older dark-grown seedlings during the first few hours in light (7, 9, 12) and that the newly formed polyribosomes have a much higher protein synthetic activity per unit of polyribosome than the pre-existing dark polyribosome population (9, 12) . These reports suggest that the lag period before nitrate reductase induction is a result of a time requirement for the formation of active polyribosomes. Once a significant level of polyribosomes was present (after about 2 hr). induction occurred at a rate similar to that of 3-day-old shoots. The absence of a significant lag period in 3-day-old shoots is apparently related to the presence of a relatively high level of active polyribosomes.
'4C-Leucine incorporation studies were carried out to determine that the ribosome preparations were capable of incor-0. 0. POLYRIBOSOMES AND NITRATE REDUCTASE porating amino acids into protein. Ribosomes prepared from 3-day-old shoots attained the highest level of incorporation over the 30-min assay period (Fig. 4) . As tissue age increased, the ability of the ribosomes to incorporate '4C-leucine into protein decreased, correlating with the decrease in the percentage of polyribosomes in the preparation. The level of endogenous incorporation by the ribosome preparations in the absence of supernatant factors was quite low and did not increase during the assay period.
Jordan (4) reported that a 10-min high intensity white light pretreatment 6 hr before placing dark-grown, 7-day-old barley leaves in light removed the lag period preceding enzyme induction. Similar results were obtained in this study with 10-dayold dark-grown corn leaves (Fig. 5) . Although the light pretreatment did not completely eliminate the lag period before induction, it was shortened significantly. This slight lag is indicative of the time requirement for the leaves to take up nitrate and possibly to form template or messenger RNA for directing the synthesis of the enzyme. Ribosome profiles from similarly treated leaves (Fig. 6) indicate that the short light pretreatment enhanced polyribosome formation to a level equal to that of leaves after a 2-hr light treatment (approximately 42% polyribosomes). Williams and Novelli (11) reported similar increases in bean leaf polyribosomes after a 30-min red light treatment followed by 2.5 hr of darkness. This level of polyribosomes, as an indicator of the protein synthetic ability of the tissue, is apparently sufficient to allow nitrate reductase synthesis. Thus, when pretreated leaves were placed in light with nitrate available, enzymatic activity increased without a significant lag period (Fig. 5 ).
It appears that dark-grown corn seedlings contain a rapidly degenerating protein-synthesizing system. Young shoots (3 dark-grown corn seedlings. 0: 3-day-old shoots; A: 5-day-old shoots; X: 7-day-old shoots; 0: 10-day-old second leaves; 0: 3-, 5-, or 7-day-old shoots or 10-day-old leaves minus supernatant factors. 48, 1971 from leaves of light-treated relative to dark-grown seedlings, are suggestive of a role of light in modifying some "translational" control system. These possible roles of light in activating protein synthesis are under study.
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